Abstract: Linear-dichroic infrared spectra (IR-LD) of 3-ethoxy-4-(N-norcodeino-)cyclobutene-1,2-dione (1) and codeine dihydrogenphosphate (Codeinum phosphoricum) (2), oriented as solid suspensions in nematic liquid crystals, have been measured. IR characteristic band assignments were made, and used in stereo-structural predictions. The results were compared with crystallographic structures of similar organic systems, and found to be in good agreement.
Introduction
The codeine derivatives are opiate agonists and antitussives [1] [2] [3] [4] [5] [6] , used for the reversal of narcotic/respiratory depression, and as adjuncts in the maintenance of an opiate-free state in detoxified, formerly opiate-dependent patients. A narcotic analgesic such as codeine phosphate, in combination with acetaminophen, aspirin, or paracetamol, may provide better pain relief than these medicines used alone [7] . Pain relief may be achieved at lower doses of the two medications when used together. New alkaloid derivatives with squaric acid esters have been synthesized in recent years [8] [9] [10] , and the tyrosine phosphatase inhibitor activity and VLA-4 integrin antagonist effect of some squaric acid esters and other derivatives has been established [11] .
The development of methods for qualitative and quantitative analysis of codeine derivatives is, therefore, in progress [12] [13] [14] . IR-spectroscopy is a known powerful, fast and relatively cheap method for determination of organic compounds. Its application requires detailed knowledge of characteristic frequencies. For the compounds under discussion, the complexity of the IR spectral curves makes it difficult to apply conventional IR-spectroscopy. Linear-dichroic spectroscopy, however, provides a possible way around these difficulties, giving not only IR-band information, but also stereo-structural information [15] [16] [17] [18] [19] . The possibilities of this approach have been demonstrated in [20, 21] for codeine, codeinone, N-norcodeine, 6-acetylcodeine and its hydrogensquarate.
(1)
Scheme 1 Structural formula of 3-ethoxy-4-(N-norcodeino-)cyclobutene-1,2-dione (1) and codeine dihydrogenphosphate (2) .
Hence, the present work deals with IR-LD spectroscopy of 3-ethoxy-4-(N-norcodeino-)-cyclobutene-1,2-dione (1) and codeine dihydrogenphosphate (2) (Scheme 1) oriented as nematic liquid crystal suspensions, with a view to IR-characteristic band assignment and stereo-structural prediction. (1) Codeine dihydrogenphosphate (2) was purchased from PharmaChim-BG (Bulgaria).
Experimental

Synthesis
3-ethoxy-4-(N-norcodeino-)-cyclobutene-1,2-dione
Material and methods
The IR-spectra were measured on a Bomem-Michelson 100 FTIR-spectrometer (4000 -400 cm −1 , 2 cm −1 resolution, 150 scans) equipped with a Perkin Elmer wire-grid polarizer.
The non-polarized solid state IR spectra were recorded using the KBr disk technique. The oriented samples were prepared as a suspension in a nematic liquid crystal MLC 6815 (Merck). The presence of an isolated nitrile stretching IR-band about 2245 cm −1 is a useful additional orientation indicator. The effective orientation of solid samples was achieved as follows: 5 mg of the compound to be studied was mixed with the liquid crystal substance until a slightly viscous suspension was obtained. The phase thus prepared was pressed between two KBr plates which had previously been rubbed in one direction with fine sandpaper. Grinding the prepared mull in the rubbing direction further promotes the orientation of the sample [15] [16] [17] [18] [19] [20] 22] . The basis of IR-LD spectroscopy and the difference reduction procedure used for the interpretation of polarized IR spectra are described in [23] [24] [25] [26] . The method consists in subtraction of a perpendicular spectrum (IR s ), measured with a 90
• angle between the polarized light beam electric vector and the orientation of the sample, from a parallel one (IR p ), obtained with a co-linear mutual orientation. The recorded difference (IR p -IR s ) spectrum shows both positive and negative differences of the parallel (A p ) and perpendicular (A s ) integrated absorbances of the bands. Positive bands originate from transition moments which form an average angle with the orientation direction (n) between 0 • and 54.7
• , while negative ones, correspond to transition moments between 54.7
• and 90
• . In the next stage of the analysis, the perpendicular spectrum is multiplied by a variable parameter c before subtraction, and values of c are found that cause a band or a set of bands to be eliminated in the difference spectrum. The simultaneous disappearance of bands in the (IR p -cIR s ) spectrum indicates a co-linearity of the corresponding transition moments, and thus gives useful information about the relative orientation of different parts of the molecule. The position (ν i ) and corresponding integral absorbance (A i ) for each i-peak in the measured IR-spectra were determined by deconvolution and subsequent curve-fitting procedures. Peak functions with a 50:50 % ratio of Lorentzian to Gaussian were used, with χ 2 factors between 0.00047-0.00039 and 2000 iterations. The means of two treatments (even if based on different numbers of replicates) were compared using the Student t-test. The optimization procedure is published [27, 28] . The experimental IR spectral curves have been acquired and processed by means of the GRAMS /AI 7.01 IR spectroscopy (Thermo Galactic, USA) and STATISTICA for Windows 5.0 (StatSoft, Inc., Tulsa, OK, USA) program packages. ESI Mass spectrometry: A triple quadrupole mass spectrometer (TSQ 7000 Thermo Electron, Dreieich, Germany) equipped with an ESI 2 source was used and operated with the following conditions: capillary temperature 120
• C; sheath gas 60 psi and spray voltage 4.5 kV. The sample was injected in the ion source by an autosampler (Surveyor) with a flow rate of 0.2 ml/min of pure acetonitrile. 1 mg/ml of the sample was dissolved in acetonitrile. The data obtained was processed using Xcalibur 1.3 software.
The elemental analysis was performed using standard procedures for C, and H (as CO 2 , and H 2 O) and N -by Duma's method.
Results and discussion
IR-LD spectroscopy of (1)
The solid-state IR-spectrum of (1) is characterized by a complicated spectral curve. IRband assignment requires a preliminary deconvolution followed by spectral curve-fitting procedures (Fig. 1) . A broad maximum is observed over the whole 3000 -2000 cm −1 region, corresponding to the ν OH stretching mode of the OH-group in N-norcodeine ester amide modified by intermolecular interaction. In addition, a broad band in 1700 -700 cm −1 IR-spectral region supported OH. . . O=(C) bond formation, as well as the observed low frequency shift of the ν CO peak of the squarate sub-unit to 1792 cm −1 . In squarate derivatives without such interactions, the corresponding peak is observed at over 1810 cm −1 [29] . The series of peaks obtained after the curve-fitting procedure is applied to the IR-spectrum are assigned as follows ( Fig. 1 (Fig. 2) , typical for out-of-plane 17b and 17a frequencies (B 1 ) of an aromatic fragment in such a molecule, leads to observation of a band at 955 cm −1 (γ =CH out-of-plane mode). At the same time, the 1792 cm −1 peak is extinguished. These data indicate a co-linearity of corresponding transition moments, which is realized in the frame of the stereo-structure of (1) shown in Scheme 2. X-ray data for similar compounds such as 6-O-acetylcodeine, codeine, heroin and morphine [32] [33] [34] [35] , show molecular structures characterized by a T-shape with a dihedral 3.2 IR-LD spectral analysis of (2) Comparison of the IR-spectra of codeine [20] and its H 2 PO − 4 salt (see Figs. 3 (1) and 3(2)) indicated the following differences. The broad maximum in 3000-1900 cm −1 in the spectrum of (2) corresponds to ν + NH peaks in protonated codeine cation. The band at 3395 cm −1 , is assigned to ν OH of the OH-group of codeine, modified my intermolecular interaction. The character of the spectral curve and the frequency are similar to those for other protonated amines [16] [17] [18] [19] . The new maxima in the IR-spectrum of (2) (Fig. 4(2) ) in equal dichroic ratio leads to the observation of a 950 cm −1 band for γ =CH , indicating a stereo-structure typical for main part of codeine alkaloids [32] [33] [34] [35] [36] [37] [38] . Absorbance / Wavenumber (cm-1) 
Conclusion
Solid-state IR-LD spectroscopy, using materials oriented as a suspension in a nematic liquid crystal, has been applied to 3-ethoxy-4-(N-norcodeino-)-cyclobutene-1,2-dione and codeine dihydrogenphosphate. It has proved useful in IR-band assignment and obtaining stereo-structural information. The data obtained are compared with single crystal X-ray diffraction data for similar organic compounds.
